Background: Recently we reported the validation of the "Allergy-Control-SCORE © (ACS)" which assesses symptom severity as well as medication use on three dimensions lung, nose and eyes. The aim of this study was to test the validity of the score for eyes and nose.
allergies. Therefore a prospective study was designed which included patients suffering from allergic rhinitis, conjunctivitis or both and healthy controls. The convergent reliability was assessed to determine the degree to which the scores of an instrument show a relationship to scores of similar instruments. For this purpose the correlation to the following two instruments and two clinically important disease related health economic measures was assessed: 1) Global Assessment of Severity of Allergy by use of a Rating Scale; 2) Quality of Life (RQLQ); 3) number of medical consultations due to the allergy within the last 12 months; 4) the number of nonproductive days due to allergic rhino-conjunctivitis and/ or asthma within the last 12 months. Retest reliability is the extent to which scores for patients who have not changed are the same for repeated measurement over time. The retest reliability was determined by correlating the SMS values of the first week with the values of the second week. The discrimination capacity reflects the degree to which the scores of an instrument can discriminate between different patient groups. Discrimination capacity was assessed by comparing the average SMS values of the allergic patients (first week) and the control group, respectively.
The validation of a Rhino-Conjunctivitis AllergyControl-Score (RC-ACS © ) is an important and topical issue in allergy clinical research. It is a relevant instrument to assess rhino-conjunctivitis severity in clinical trials and observational studies. With the validation a formal aspect for reliable use of such an instrument is fulfilled.
This Rhino-Conjunctivitis Allergy-Control-Score (RC-ACS © ) introduces the concept of "control of disease (rhino-conjunctivitis)" as this will be the aim when using any therapeutic intervention. The presented score balances symptoms and use of medication and it also considers the influence of treatment on allergic symptoms. Therefore, for calculating the combined symptom medication score, each medication will be assessed e.g. according to the use, the specific effects and the way of administration.
Methods

Study population
Patients (age 19 to 65 years) were recruited from the outpatient clinic department of "Dermatologikum Hamburg", Germany, between 21 June and 17 August 2008. Inclusion criteria were: 1) atopic sensitization (SPT positivity to at least one of the following allergens: grass, rye, mugwort pollen, house dust mites) (Allergopharma J. Ganzer KG, Reinbek, Germany); 2) current clinical manifestations of allergic rhino-conjunctivitis and/or asthma due to exposure to one of the four allergens listed above; 3) expected natural exposure to the relevant allergens during the study period. Controls were non-atopic volunteers with a negative history for IgE-mediated allergies. The following exclusion criteria were applied to patients and controls: 1) current use of systemic or nasal corticosteroids, inhaled corticosteroids (>400μg budesonide or >500μg beclomethasone dipropionate per day); 2) long-term prophylactic use of anti-allergic medication with constant dose; 3) current treatment with specific immunotherapy; 4) food allergy; 5) clinically-relevant rhinitis/rhino-conjunctival or respiratory symptoms related to other unidentified causes; 6) vasomotor, drug-induced or other kinds of non-allergic rhinitis/rhino-conjunctivitis; 7) febrile infections or inflammation of the respiratory tract; 8) irreversible secondary alterations of the upper and lower airways (e.g. emphysema, bronchiectasis etc.). The study protocol was discussed with the local Ethics Committee before it was commenced. The committee advised that formal approval was not required, because the study was observational and no changes in treatment were involved. However, written informed consent was received from all patients involved before they were included into the study.
Study design
The study was designed as prospective, observational and controlled study. Patients and healthy controls completed a questionnaire on demographic and clinical parameters at recruitment. Scores of individual symptoms and individual medications were documented daily during the pollen season over a period of 2 weeks in patients and 1 week in healthy controls, respectively. On each day, patients and controls were also asked to complete a self-administered questionnaire for a "Global Assessment of Severity of Allergy". This was performed through a Visual Rating Scale (rating scale ranging from 1 = no symptoms at all to 10 = very severe symptoms), which is similar to the one described by Bousquet and colleagues [7] . At the end of the first week, patients completed a validated questionnaire to rate their quality of life (RQLQ © ) [8] . Participants started at different times during the season, so that both study groups included subjects that were exposed to high or low pollen counts. In addition, patients were asked how many days they were incapable of working due to their allergic rhino-conjunctivitis and/or asthma within the last 12 months (number of non-productive day).
RC-ACS ©
Symptom score
The characteristics of the Rhino-Conjunctivitis AllergyControl-SCORE © as listed in Table 1 were elaborated according to the GA(2)LEN taskforce Guidelines [9] . The symptom score is recorded using diaries in which subjects documented daily the severity of various allergy symptoms scaled according to the EMA guidelines [3] on a scale ranging from 0 to 3: 0 = absent (no sign/ symptom evident); 1 = mild (sign/symptom clearly present, but minimal awareness; easily tolerated); 2 = moderate (definite awareness of sign/symptom that is bothersome, but tolerable); 3 = severe (sign/symptom that is hard to tolerate; causes interference with activities of daily living and/or sleeping). For each day, the sum of the values of the seven allergy symptoms is calculated. These include ocular (itching, tear flow, redness), and nasal (sneezing, itching, running, blockage) symptoms.
Medication score
Patients also have to document the allergy medication needed. All allergy medications for treating related symptoms are scored for each patient and each available day. Categories of medication taken into consideration include nasal and ocular anti-histamines and glucocorticoids, nasal decongestants, nasal cromoglycate acid and salts, systemic antihistamines, glucocorticoids and their combinations, leukotriene receptor antagonists. Drugs not foreseen by international Guidelines for treating allergic rhino-conjunctivitis are not included (e.g. antiIgE). The total number of "score points" (SP) for symptoms on one day is 21 (i.e. each of the 7 symptoms scored with a maximum of 3). The maximum SP that can be achieved by intake of medication is also set to 21 SP, subdivided into the two sub-scores for nose (max. 12 SP) and eyes (max. 9 SP). Each drug is scored considering pharmacological action (according to the corresponding ATC code), expected impact on symptoms, route of administration, the dose taken and duration of effect. Each medication score is balanced for the respective weight on symptoms and within the maximum score of each organ system. Thus scoring of medication cannot yield a higher value than symptoms at the respective organ. An example for the scoring of medications is given in Table 2 . In this example a patient had a combined intake of glucocorticoid-containing nasal spray, antihistaminic eye drops and nasal spray as well as systemic antihistamine. The most potent drugs are scored first; in this case the local glucocorticoids are scored. In case the maximum score of the corresponding subscore is not reached, the score for topical or systemic antihistamines is added until the maximum score points are reached (nose: 12 SP eyes: 9 SP). In case both systemic antihistamines and local antihistamines are given, the systemic antihistamine e.g. loratadine is scored first. The sum of SP of topical, systemic antihistamines and combination-drugs containing antihistamine cannot exceed 7 SP for the subscore nose and 5 SP for the subscore eyes, respectively.
Symptom-medication-score
Pollen counts
Pollen counts (grasses, rye and mugwort) were derived from the European pollen information database (European Aeroallergen Network, Vienna, Austria) between 21 June and 17 August 2008 for the pollen traps in Lübeck and Reinbek. Pollen exposition was assessed n.a. = not applicable.
using the 4-point scale ("None", "Weak", "Moderate", "Strong") according to the definition of the German Meteorological Service) for each week of assessment (Table 3) .
Statistics
Descriptive analysis
Background and demographic characteristics of subjects are summarized for both groups. Continuous variables are displayed by sample size, mean, median, standard deviation and range. Discrete variables are shown with frequencies and percentages. Missing SMS values were replaced by linear interpolation if at most 25% of the values were missing. Regarding all other parameters, the last-observation-carried-forward (LOCF) method was applied. Data management and statistical analysis were performed using the statistical analysis program SPSS Version 15.0 (SPSS Inc., Chicago, USA).
Validation of the RC-ACS ©
The dataset was analyzed to measure the convergent reliability, discrimination capacity, and retest reliability, as follows.
Convergent reliability Convergent reliability is the degree to which the scores of an instrument show a relationship to scores of similar instruments. The convergent reliability of the RC-ACS © and the total N-ACS © as well as the total E-ACS © was tested by correlating the average SMS value of week 1 with the following four parameters: 1) Global Assessment of Severity of Allergy (Rating Scale 1-10); 2) Quality of Life (RQLQ); 3) number of medical consultations due to the allergy within the last 12 months; 4) the number of non-productive days due to allergic rhino-conjunctivitis and/or asthma within the last 12 months. Spearman's rank correlations were calculated for each of the criteria 1 to 4. A significant positive correlation (p < 0.05, two-tailed) was considered as evidence for convergent validity. This corresponds in this study to a medium effect size (r ≥ 0.30) which can be regarded as a considerable correlation [10] .
Discrimination capacity The discrimination capacity is the degree to which the scores of an instrument can discriminate between different patient groups.
Discrimination capacity of the RC-ACS © and the total N-ACS © as well as the total E-ACS © was assessed by comparing the average SMS values of the allergic patients (first week) and the control group, respectively. Discrimination capacity was assumed to be good if the SMS value in the allergy group was significantly higher (p < 0.05, two-tailed) than the SMS value of the control group. Significance testing was performed with the Wilcoxon Rank Sum test. Sensitivity and specificity were analyzed by a ROC-curve.
Retest reliability Retest Reliability is the extent to which scores for patients who have not changed are the Figure 1 Discrimination capacity of the SMS. Frequency distribution of the SMS among 81 allergic patients (A) and 40 healthy control subjects (B). Panel (C) shows a ROC curve of the discrimination power of patients vs. controls; the area under the curve is 0.9755; the best discrimination point is 0.786, corresponding to a sensitivity of 93.8% and a specificity of 92.5%. same for repeated measurement over time. The retest reliability was determined for the patient group only, by correlating the SMS values of the first week with the values of the second week. Comparisons were conducted using Spearman's rank correlations.
Results
Socio-demographic and clinical data
A total of 122 adults (82 allergic patients and 40 healthy controls) were screened for inclusion into the study. Of the 82 patients, 81 fulfilled the in/exclusion criteria and were included in the study and 80 completed the entire study. All 40 control subjects completed the study. The socio-demographic data of both groups are shown in Table 4 and the data on medical history of allergic diseases are given in Table 5 for the patient group.
Severity of symptoms in allergic patients vs. healthy controls
The severity of symptoms in allergic patients vs. healthy controls is shown in Table 6 . Clearly, patients had higher values than healthy controls. Controls had values close to the lowest possible values. Since healthy controls were non-allergic based on their medical history, symptom rating of the control patients is due to other factors than allergic symptoms. 
